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ABSTRACT 
T h i s t h e s i s a t t e m p t s t o answer some of t h e q u e s t i o n s c o n c e r n i n g 
t h e e f f e c t of v a r i a b l e s on t h e c y c l e t i m e d i s t r i b u t i o n . S e v e r a l of t h e 
v a r i a b l e s i n a s h o r t c y c l e manual o p e r a t i o n have b e e n a n a l y z e d i n o r d e r 
t o d e t e r m i n e : 
1 . The c h a r a c t e r i s t i c s of t h e c y c l e t i m e d i s t r i b u t i o n w i t h a l l 
v a r i a b l e s i n c l u d e d . 
2 . The c h a r a c t e r i s t i c s of t h e c y c l e t i m e d i s t r i b u t i o n w i t h 
c e r t a i n v a r i a b l e s removed. 
Mic romot ion a n a l y s i s of 1 5 , 0 0 0 f e e t of f i l m was p e r f o r m e d t o 
o b t a i n d a t a on n i n e t e e n d i f f e r e n t o p e r a t o r s on t h r e e s h i f t s , p e r f o r m i n g 
a s h o r t c y c l e manua l o p e r a t i o n . 
From t h e r e s u l t s of t h e m i c r o m o t i o n a n a l y s i s , i t was found t h a t 
ma jo r v a r i a t i o n s i n methods a p p e a r e d i n t h e f i r s t and l a s t e l e m e n t s of 
t h e o p e r a t i o n . The o v e r a l l c y c l e t i m e c o n t a i n i n g t h e v a r i a t i o n s was 
t e rmed " g r o s s c y c l e t i m e , " and t h e p o r t i o n of t h e c y c l e n o t a f f e c t e d by 
t h e v a r i a t i o n i n method was t e rmed " m o d i f i e d c y c l e t i m e . " D i s t r i b u t i o n s 
f o r t h e v a r i o u s c y c l e t i m e s was p r e p a r e d . 
With c o n s i d e r a t i o n of t h e l i m i t i n g f a c t o r s m e n t i o n e d , t h e f o l l o w ­
i n g c o n c l u s i o n s were drawn: 
1 . The i n d i v i d u a l o p e r a t o r m o d i f i e d c y c l e t i m e d i s t r i b u t i o n s 
w i t h v a r i a b l e s i n c l u d e d t e n d t o be p o s i t i v e l y skewed. 
2 . The s h i f t d i s t r i b u t i o n s w i t h v a r i a b l e s i n c l u d e d and v a r i a b l e s 
e x c l u d e d a r e p o s i t i v e l y skewed. 
3- The d i s t r i b u t i o n s of a l l s h i f t s combined w i t h v a r i a b l e s 
i n c l u d e d and v a r i a b l e s e x c l u d e d a r e p o s i t i v e l y skewed. 
k. The m o d i f i e d c y c l e t i m e d i s t r i b u t i o n , w i t h v a r i a b l e s i n c l u d e d 
and v a r i a b l e s e x c l u d e d , a p p r o x i m a t e a s t r a i g h t l i n e r e l a t i o n ­
s h i p , when t h e l o g of t h e c y c l e t i m e was p l o t t e d on p r o b a b i l i t y 
p a p e r ; t h u s t h e d i s t r i b u t i o n s can be a p p r o x i m a t e d by a l o g 
n o r m a l c u r v e . 
5 . V a r i a b l e s s e l e c t e d and e l i m i n a t e d w i t h i n t h e work c y c l e d i d 
n o t s i g n i f i c a n t l y a l t e r t h e c h a r a c t e r i s t i c s of t h e m o d i f i e d 
c y c l e t i m e d i s t r i b u t i o n . 
I t i s recommended t h a t a s i m i l a r b u t more d e t a i l e d m i c r o m o t i o n 
s t u d y be made c l a s s i f y i n g t h e v a r i a b l e s w i t h i n t h e i n d i v i d u a l e l e m e n t s . 
A s t u d y of t h i s n a t u r e s h o u l d i s o l a t e many of t h e a s s i g n a b l e c a u s e s of 
v a r i a t i o n w i t h i n t h e work c y c l e . 
CHAPTER I 
INTRODUCTION 
T h i s work i s P a r t I I of a p r o j e c t s p o n s o r e d by t h e G e o r g i a 
I n s t i t u t e of Techno logy R e s e a r c h Committee u n d e r t h e d i r e c t i o n of 
D o c t o r s R. N. L e h r e r and J . J . Moder. 
P r e v i o u s Work 
The f i r s t segment of t h e p r o j e c t was u n d e r t a k e n by Mr. Warren 
L ind , and was r e p o r t e d i n h i s M a s t e r ' s T h e s i s e n t i t l e d "A S t a t i s t i c a l 
A n a l y s i s of Work Time D i s t r i b u t i o n s / ' p r e s e n t e d t o t h e G r a d u a t e 
D i v i s i o n i n J u l y 1953-
Mr. Lind p e r f o r m e d a s t o p wa t ch s t u d y on t h e same o p e r a t o r s 
p e r f o r m i n g t h e same work a s t h o s e i n c l u d e d i n t h e p r e s e n t s t u d y . 
I n t h e f i r s t s t u d y a r e p r e s e n t a t i v e sample of c y c l e t i m e s f o r 
e a c h o p e r a t o r was d e s i r e d . I t was d e c i d e d t h a t a sample of 25 c y c l e s 
would be o b s e r v e d a s o f t e n a s p o s s i b l e i n t h e b e f o r e and a f t e r l u n c h 
p e r i o d s of t h e t h r e e s h i f t s . A s p l i t s econd hand d e c i m a l s t o p w a t c h 
was u s e d t o d e t e r m i n e t h e c y c l e t i m e s . The d a t a we re r e c o r d e d t o t h e 
n e a r e s t h u n d r e d t h of a m i n u t e . 
When r e c o r d i n g t h e d a t a t h e f o l l o w i n g n o t a t i o n s we re made: 
DP - Drop p a r t 
BP - Bad p a r t 
GP - Get p a r t 
MP - Move p a r t 
AD - A d v o i d a b l e d e l a y 
S - Turn cap t o i n s p e c t f i n i s h e d p a r t 
I - I n s p e c t p a r t s o r u n i t 
CM - Change method 
RP - R e l e a s e p a r t s 
An "x" was p l a c e d on t h e d a t a s h e e t a d j a c e n t t o t h e c y c l e s c o n ­
t a i n i n g d e v i a t i o n s f rom t h e s t a n d a r d p r o c e d u r e . Only c y c l e s wh ich 
c o n t a i n e d one of t h e e x t r a n e o u s e l e m e n t s m e n t i o n e d above were e l i m i n a t e d . 
T h i s p r o c e d u r e r e q u i r e d a d e c i s i o n d u r i n g t h e c y c l e a s t o w h e t h e r t h e 
d e l a y e n c o u n t e r e d s h o u l d be e x t r a n e o u s , t h u s e l i m i n a t i n g t h e c y c l e from 
t h e a n a l y s i s . 
Each p e r i o d sample of t w e n t y - f i v e o b s e r v a t i o n s was b r o k e n i n t o 
f i v e s u b g r o u p s of f i v e o b s e r v a t i o n s e a c h , s o t h a t a p e r i o d sample c o n ­
t a i n e d f i v e c o n s e c u t i v e s u b g r o u p s e a c h c o n t a i n i n g f i v e o b s e r v a t i o n s . 
From t h e d a t a c o l l e c t e d t h e f o l l o w i n g q u e s t i o n s w e r e p o s e d : 
1 . Do o p e r a t o r s f o l l o w any one p a t t e r n of p e r f o r m a n c e , o r 
a work c u r v e t h r o u g h o u t t h e day? 
2 . Do u n a d j u s t e d p e r f o r m a n c e t i m e s t e n d t oward any f o r m a l 
d i s t r i b u t i o n o r c o u l d t h e y be made t o form any model? 
3 . Are o p e r a t o r s ' c y c l e t i m e s s t a t i s t i c a l l y s t a b l e ? 
k. What i s t h e r e l a t i o n s h i p of v a r i a t i o n w i t h o u t a p e r i o d 
t o t h e r e l a t i o n s h i p be tween p e r i o d s ? 
I n t h e s t u d y n e a r l y 3200 o b s e r v a t i o n s were made, and t h e s e o b s e r ­
v a t i o n s were a n a l y z e d s t a t i s t i c a l l y u s i n g c o n t r o l c h a r t p r o c e d u r e s . 
As t h e r e s u l t of t h e a n a l y s e s , t h e f o l l o w i n g c o n c l u s i o n s were 
drawn: 
1 . The o p e r a t o r s on t h i s o p e r a t i o n d i d n o t f o l l o w any 
p a r t i c u l a r work c u r v e . 
2 . The u n a d j u s t e d p e r f o r m a n c e t i m e s t e n d e d t o form a p o s i t i v e l y 
skewed d i s t r i b u t i o n . 
3 . The p e r f o r m a n c e t i m e s of s i x t e e n o u t of n i n e t e e n o p e r a t o r s 
w e r e n o t s t a t i s t i c a l l y s t a b l e . 
k. The v a r i a t i o n w i t h i n a p e r i o d was s i g n i f i c a n t l y g r e a t e r t h a n 
t h e v a r i a t i o n be tween p e r i o d s . 
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5« S t o p wa t ch p e r f o r m a n c e t i m e d a t a do n o t g i v e s u f f i c i e n t 
i n f o r m a t i o n t o s e p a r a t e chance c a u s e s from a s s i g n a b l e 
c a u s e s of v a r i a t i o n s . 
P r e s e n t S tudy ( P a r t I I ) 
T h i s p a r t of t h e s t u d y was p r i m a r i l y c o n c e r n e d w i t h c o n c l u s i o n 
number 5 of t h e p r e v i o u s s t u d y . Mic romot ion s t u d y was u s e d i n an e f f o r t 
t o d e t e r m i n e t h e e f f e c t s of some of v a r i a b l e s on t h e c y c l e t i m e d i s t r i ­
b u t i o n . 
F i f t e e n t h o u s a n d f e e t of f i l m of t h e same o p e r a t o r s m e n t i o n e d i n 
t h e p r e v i o u s s t u d y were t a k e n and a n a l y z e d i n o r d e r t o c l a s s i f y some of 
t h e v a r i a b l e s . V a r i a b l e s u s e d i n t h e a n a l y s i s were s e l e c t e d on t h e 
b a s i s of f r e q u e n c y of o c c u r r e n c e among t h e o p e r a t o r s . 
I t i s n o t w i t h i n t h e s cope of t h i s t h e s i s t o c l a s s i f y e v e r y 
v a r i a b l e a f f e c t i n g t h e work s i t u a t i o n . However, i t i s f e l t t h a t 
v a r i a b l e s s e l e c t e d do r e p r e s e n t some of t h e ma jo r c a u s e s of v a r i a t i o n . 
CHAPTER I I 
OBJECTIVE 
The p u r p o s e of t h i s t h e s i s i s t o s t u d y a s h o r t c y c l e manua l 
o p e r a t i o n i n o r d e r t o d e t e r m i n e : 
1 . The c h a r a c t e r i s t i c s of t h e c y c l e t i m e d i s t r i b u t i o n w i t h 
a l l v a r i a b l e s i n c l u d e d . 
2 . The c h a r a c t e r i s t i c s of t h e c y c l e t i m e d i s t r i b u t i o n w i t h 
c e r - t a i n v a r i a b l e s removed. 
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CHAPTER I I I 
PROCEDURE 
G e n e r a l C o n d i t i o n s 
The o p e r a t o r s s t u d i e d were o c c u p i e d i n t h e a s s e m b l y of a b a l l 
p o i n t p e n . They were n o t on an i n c e n t i v e s y s t e m of wage paymen t . 
However, t h e y w e r e e x p e c t e d t o p r o d u c e be tween f o u r and f i v e t h o u s a n d 
u n i t s p e r d a y . 
The a c t u a l work t i m e v a r i e d among t h e t h r e e s h i f t s . The f i r s t 
s h i f t worked 7 - 8 3 h o u r s , s econd s h i f t 7 - 7 5 h o u r s , and t h i r d s h i f t 6 . 9 
h o u r s . O p e r a t o r s on t h e t h i r d s h i f t had r e l a t i v e l y l i t t l e s u p e r v i s i o n 
compared t o t h e o t h e r two s h i f t s . 
The a v e r a g e p r o d u c t i o n r a t e and e x p e r i e n c e of t h e o p e r a t o r s 
s t u d i e d was : 
A v e r a t e P r o d u c t i o n E x p e r i e n c e 
O p e r a t o r i n U n i t s P e r Hour i n Months 
F i r s t S h i f t 
1 4 8 5 * 6 
2 527 10 
3 528 9 
k 500 10 
5 kh9 10 
6 306** 1/2 
7 526 10 
Second S h i f t 
8 h21 6 
9 khl 10 
10 516 10 
1 1 ^ 9 1 6 
12 418 8 
13 430 10 
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Average P r o d u c t i o n E x p e r i e n c e 
O p e r a t o r i n U n i t s P e r Hour i n Months 
T h i r d S h i f t 
lk kkQ 10 
15 557 7 
16 578 8 
17 578 10 
18 578 10 
19 479 5 
* P r o d u c t i o n d a t a r o u n d e d o f f t o n e a r e s t 5 u n i t s . 
** D a t a e x c l u d e d from d i s t r i b u t i o n s b e c a u s e of l a c k of e x p e r i e n c e . 
Company r e c o r d s r e v e a l e d t h a t a w o r k e r can r e a c h t h e l e v e l of 
maximum p r o d u c t i o n i n two m o n t h s . 
The g e n e r a l w o r k i n g c o n d i t i o n s were c l e a n and w e l l l i g h t e d , 
v e n t i l a t e d and p l e a s a n t i n a p p e a r a n c e . O p e r a t o r s o f t e n t a l k e d and 
j o k e d w i t h e a c h o t h e r and seemed t o be i n good s p i r i t s . 
Tak ing Mot ion P i c t u r e s of The O p e r a t i o n 
The camera was p o s i t i o n e d t o t h e r i g h t of e a c h o p e r a t o r a t an 
a n g l e of a b o u t f o r t y - f i v e d e g r e e s . O p e r a t o r s on t h e f i r s t s h i f t were 
p h o t o g r a p h e d s e v e n t i m e s f o r two m i n u t e i n t e r v a l s . The second and 
t h i r d s h i f t s were p h o t o g r a p h e d s i x t i m e s . An e f f o r t was made t o t a k e 
p i c t u r e s a t t i m e s d i s t r i b u t e d t h r o u g h o u t t h e s h i f t . 
The C a m e r a . — P i c t u r e s were t a k e n w i t h an Eastman Kodak Cine S p e c i a l I I 
Camera, e q u i p p e d w i t h a 15 m i l l i m e t e r , f - 2 . 5 l e n s and d r i v e n by a 
s y n c h r o n u s moto r a t 2000 f r a m e s p e r m i n u t e . 
P o s i t i o n i n g t h e Camera .—The camera was c a r e f u l l y p o s i t i o n e d a t e a c h 
work s t a t i o n b e f o r e t h e p i c t u r e s we re t a k e n . To h a s t e n t h e i n i t i a l camera 
l o c a t i n g , t h e b a s e was o u t l i n e d on t h e f l o o r i n c h a l k n e x t t o e a c h work 
p l a c e . 
F i g u r e 1 . B a l l P o i n t Pen P a r t s 
A f t e r t h e camera was p l a c e d i n t h e l o c a t i o n marked on t h e f l o o r , 
i t was aimed v i s u a l l y and t h e d i s t a n c e f rom t h e camera l e n s t o t h e c e n t e r 
of t h e l a y o u t was m e a s u r e d . As a r e s u l t , a l l t h e p i c t u r e s have a u n i f o r m 
p r e s p e c t i v e of t h e w o r k p l a c e and m o t i o n s . 
Mot ion P i c t u r e I d e n t i f i c a t i o n . - - P i c t u r e s were i d e n t i f i e d by h o l d i n g a 
b l a c k b o a r d c o n t a i n i n g t h e i n f o r m a t i o n i n f r o n t of t h e camera a t t h e 
b e g i n n i n g of e a c h s h o t . 
The Log Book . - -A l o g book was k e p t d u r i n g t h e e n t i r e p i c t u r e t a k i n g 
o p e r a t i o n . I n f o r m a t i o n was r e c o r d e d w h i l e t h e p i c t u r e s were b e i n g t a k e n . 
An e n t r y f o r an o p e r a t i o n c o n t a i n e d : ( l ) s h i f t number , ( 2 ) o p e r a t o r ' s 
name, ( 3 ) t i m e p a r t i c u l a r s h o t was t a k e n , ( 4 ) f i l m r o l l number , and 
( 5 ) r e m a r k s . N o t a t i o n s were made i n t h e r e m a r k s column i f t h e y would a i d 
i n t h e a n a l y s i s . 
F i l m A n a l y s e s 
E l e m e n t a l B reakdown . - -The work c y c l e was b r o k e n down i n t o t w e l v e e l e m e n t s 
of " g e t M and " p l a c e . " Each e l e m e n t was t h e n b r o k e n down i n t o t h e r b l i g s 
and t h e end p o i n t s we re d e f i n e d . The e l e m e n t s , t h e r b l i g s and end p o i n t s 
w e r e : 
E lement End P o i n t 
1 . Get B a r r e l ( F i g . 2 - l ) The f rame b e f o r e t h e f rame where t h e 
TE, ST, and G. hand b e g i n s t o move w i t h t h e b a r r e l . 
2 . P l a c e B a r r e l ( F i g . 2 - 2 ) The f rame b e f o r e t h e f rame where t h e 
TL, P , A and RL. hand b e g i n s t o move w i t h o u t t h e b a r r e l . 
3 . Get W r i t i n g U n i t ( F i g . 2 - 3 ) The f rame b e f o r e t h e f rame where t h e 
TE, ST and G. hand b e g i n s t o move w i t h t h e w r i t i n g u n i t , 
4 . P l a c e W r i t i n g U n i t ( F i g . 2 - 4 ) The f rame b e f o r e t h e f rame where t h e 
TL, P , A and RL. hand b e g i n s t o move w i t h o u t t h e w r i t i n g 
u n i t 
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Elemen t End P o i n t 
5- Get Nut ( F i g . 2 - 5 ) 
I E , ST and G. 
6 . P l a c e Nut ( F i g . 2 - 6 ) 
TL, P , A and RL. 
7 . Get F e r r u l e ( F i g . 2 - 7 ) 
TE, ST and G. 
8 . P l a c e F e r r u l e ( F i g . 2 - 8 ) 
TL, P , A and RL. 
9- Get Completed U n i t 
( F i g . 2 - 9 ) TE and G. 
1 0 . P l a c e U n i t ( F i g . 2 - 1 0 ) 
DA, TL and P . 
1 1 . S t a k e U n i t ( F i g . 2 - 1 1 ) 
A, H and DA. 
1 2 . A s i d e ( F i g . 2 - 1 2 ) 
TL and RL. 
The f rame b e f o r e t h e f rame where t h e 
hand b e g i n s t o move w i t h o u t t h e d r i v e 
n u t . 
The f rame b e f o r e t h e f r ame where t h e 
hand b e g i n s t o move w i t h o u t t h e n u t . 
The f rame b e f o r e t h e f rame where t h e 
hand b e g i n s t o move w i t h t h e f e r r u l e . 
The f rame b e f o r e t h e f rame where t h e 
hand b e g i n s t o move w i t h o u t t h e 
f e r r u l e . 
The f rame b e f o r e t h e f rame where t h e 
hand b e g i n s t o move w i t h t h e c o m p l e t e d 
a s s e m b l y . 
The f rame b e f o r e t h e f rame where t h e 
u n i t e n t e r s t h e s t a k e r . 
The f rame b e f o r e t h e f rame where t h e 
u n i t c l e a r s t h e s t a k e r . 
The f rame b e f o r e t h e f rame where t h e 
h a n d l o s e s c o n t a c t w i t h t h e c o m p l e t e d 
a s s e m b l i e s . 
A l t h o u g h t h e p r e s e n t s t u d y i s c o n c e r n e d p r i m a r i l y w i t h c y c l e t i m e 
d i s t r i b u t i o n s , t h e d e t a i l e d breakdown i n d i c a t e d above was u s e d t o a i d i n 
c l a s s i f y i n g me thods v a r i a t i o n s w i t h i n t h e c y c l e . 
The P r o j e c t o r . - - A K e y s t o n e 16 m i l l i m e t e r p r o j e c t o r e q u i p p e d w i t h a f r ame 
c o u n t e r and s p e c i a l c o n t r o l box was u s e d i n t h e a n a l y s e s . The c o n t r o l 
box c o n t a i n e d a r e o s t a t and a d i r e c t i o n a l c o n t r o l s w i t c h . T h i s a l l o w e d 
t h e f i l m t o r u n i n e i t h e r d i r e c t i o n a t any d e s i r e d s p e e d . 
P h y s i c a l A n a l y s i s . - - F i f t e e n t h o u s a n d f e e t of f i l m c o n t a i n i n g p i c t u r e s of 
t h e 19 o p e r a t o r s were a n a l y z e d f rame by f r a m e . E lemen t end p o i n t s were 
d e t e r m i n e d v i s u a l l y , t h e n r e c o r d e d i n t e r m s of f rame number . V a r i a t i o n s 
i n e l e m e n t s p e r f o r m e d by t h e r i g h t and l e f t h a n d s were a l s o n o t e d . For 
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example some of t h e more common e l e m e n t s i n g e t and p l a c e b a r r e l w e r e : 
E lement V a r i a t i o n s 
Get b a r r e l 
P l a c e b a r r e l 
D i n TE 
Slow i n TE 
D i n ST 
Slow i n ST 
SH 
D i n G 
RG 
Fumble i n G 
G 2 p a r t s and r e t 
D i n TL 
Slow i n TL 
RG i n TL 
Tap on t a b l e 
D i n P 
Slow i n P 
RG i n P 
D i n A 
RG i n A 
RG-C i n A 
RL, TE. G, 
A 
A and RL i n 
A s i d e p a r t s 
Get p a r t s 
De lay i n t r a n s p o r t empty 
Slow i n t r a n s p o r t empty 
D e l a y i n s e l e c t 
Slow i n s e l e c t 
S e a r c h f o r p a r t 
De lay i n g r a s p 
R e g r a s p 
Fumble i n g r a s p 
Grasp two p a r t s and r e t u r n one 
De lay i n t r a n s p o r t l o a d e d 
Slow i n t r a n s p o r t l o a d e d 
R e g r a s p i n t r a n s p o r t l o a d e d 
Tap u n i t on t a b l e i n t r a n s p o r t 
l o a d e d t o r e g r a s p p a r t 
D e l a y i n p o s i t i o n 
Slow i n p o s i t i o n 
R e g r a s p i n p o s i t i o n 
De lay i n a s s e m b l y 
R e g r a s p i n a s s e m b l y 
C o n t a c t r e g r a s p i n a s s e m b l y 
When o p e r a t o r r e l e a s e s b a r r e l 
and r e g r a s p s f a r t h e r up 
O p e r a t o r a s i d e s h a n d f u l of p a r t s 
O p e r a t o r g e t s new s u p p l y of p a r t s 
S i m i l a r n o t a t i o n s we re a l s o made f o r o t h e r e l e m e n t s of t h e 
c y c l e . 
2 . P l a c e - B a r r e l 
F i g u r e 2 . Assembly O p e r a t i o n 
4 . P l a c e - W r i t i n g U n i t 
F i g u r e 2 . Assembly O p e r a t i o n 
( C o n t i n u e d ) 
5 . G e t - D r i v e Nut 
6 . P l a c e - D r i v e Nut 
F i g u r e 2 . Assembly O p e r a t i o n 
( C o n t i n u e d ) 
7 . G e t - F e r r u l e 
8 , P l a c e - F e r r u l e 
F i g u r e 2 . Assembly O p e r a t i o n 
( C o n t i n u e d ) 
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1 0 . P l a c e - C o m p l e t e d Assembly 
F i g u r e 2 . Assembly O p e r a t i o n 
( C o n t i n u e d ) 
1 1 . S t a k e Assembly 
F i g u r e 2 . Assembly O p e r a t i o n 
( C o n t i n u e d ) 
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CHAPTER IV 
EVALUATION OF DATA 
Work P l a c e L a y o u t . - - W o r k b e n c h e s were d e s i g n e d t o f a c i l i t a t e s i m u l t a ­
n e o u s s y m m e t r i c a l hand m o t i o n s . C e r t a i n f i x e d equ ipmen t was b u i l t 
i n t o t h e work b e n c h e s ( F i g . 3 ) - I n a d d i t i o n t o t h e f i x e d i t e m s i n t h e 
l a y o u t , o t h e r moveab le equ ipmen t was u s e d . 
Each o p e r a t o r was a l l o w e d t o a r r a n g e t h e moveab le e q u i p m e n t i n 
a manner which she f e l t was most c o n v e n i e n t . As a r e s u l t t h e r e were 
e i g h t d i f f e r e n t l a y o u t s u s e d among t h e n i n e t e e n o p e r a t o r s . 
The l a y o u t s u s e d by t h e o p e r a t o r s were a s f o l l o w s : 
Layout F i g u r e O p e r a t o r s Us ing 
Number Number L a y o u t s 
1 4 1 , 4 , 6 , 9 , 1 0 and 12 
2 5 7 
3 6 3 and 5 
4 7 2 and 1 9 * 
5 8 8 , 1 1 and 13 
6 9 1 4 , 17 and 18 
7 10 15 
8 1 1 16 
* O p e r a t o r 19 a s i d e s t h e c o m p l e t e d a s s e m b l i e s i n t h e f e r r u l e t r a y . 
T h i s was n o t common t o o t h e r o p e r a t o r s u s i n g t h e same l a y o u t . 
M e t h o d . — I n c o n j u n c t i o n w i t h t h e d i f f e r e n t l a y o u t s o p e r a t o r s u s e d 
s l i g h t l y d i f f e r e n t m e t h o d s . The d i f f e r e n c e s i n method o c c u r r e d i n t h e 
f i r s t p a r t of t h e c y c l e when t h e o p e r a t o r p i c k e d up t h e b a r r e l and i n 
t h e l a s t p a r t of t h e c y c l e when t h e o p e r a t o r a s i d e d t h e c o m p l e t e a s s e m ­
b l i e s . The d i f f e r e n t me thods u s e d by t h e o p e r a t o r s w e r e : 
Method No. 1 R i g h t - h a n d and l e f t - h a n d g e t b a r r e l s i n f r o n t . L e f t - h a n d 
1 . Assembly H o l d i n g F i x t u r e 
2 . S t a k i n g U n i t 
3 . W r i t i n g U n i t T ray 
4 . D r i v e Nut T ray 
5 . F e r r u l e Tray 
6 . S t a k e r F o o t P e d a l 
F i g u r e 3 . - Layout - F i x e d Equipment 
F i g u r e 4 . - Layout 1 - Moveable Equipment 
1 . B a r r e l s 
2 . Comple ted Pens 
F i g u r e 5 . - l a y o u t 2 - Moveable Equipment 
2 1 
1 . B a r r e l s 
2 . Completed Peris 
F i g u r e 6 . - Layout 3 - Moveable Equipment 
2. 
F i g u r e 7* 
1 . B a r r e l s 
2 . Completed Pens 
- Layout k - Moveable Equipment 
H o t e : O p e r a t o r 
a s i d e s c o m p l e t e d 
p a r t s o u t of 
p i c t u r e . 
1 . B a r r e l s 
2 . Assembled Pens 
F i g u r e 8 , - l a y o u t 5 - Moveable Equipment 
2k 
1 . ' B a r r e l s 
2 . Assembled. Pens 
F i g u r e 9 . - Layout 6 - Moveable Equipment 
/ / 2 
J 
F i g u r e 1 0 . 
1 . 
2 . 
B a r r e l s 
Assembled Pens 
- Layou t 7 - Moveable Equipment 
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1 . B a r r e l s 
2 . Assembled Pens 
F i g u r e 1 1 . - Layout 8 - Moveable Equipment 
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g i v e s t h e c o m p l e t e d u n i t t o r i g h t - h a n d . R i g h t - h a n d a s i d e s b o t h a s s e m ­
b l i e s . O p e r a t o r s u s i n g me thod : lk, 17 and 1 8 . 
Method No. 2 L e f t - h a n d and r i g h t - h a n d g e t b a r r e l s f rom f e r r u l e t r a y . 
L e f t - h a n d g i v e s comple t ed u n i t t o r i g h t - h a n d . R i g h t - h a n d a s i d e s b o t h 
a s s e m b l i e s . O p e r a t o r s u s i n g me thod : 1 , k, 6 , 8 , S, 1 0 , 1 1 and 1 2 . 
Method No. 3 R i g h t - h a n d and l e f t - h a n d g e t b a r r e l s i n f r o n t . R i g h t -
hand and l e f t - h a n d c a r r y c o m p l e t e d a s s e m b l i e s . O p e r a t o r s u s i n g me thod : 
3 and 7 -
Method No. k R i g h t - h a n d and l e f t - h a n d g e t b a r r e l s i n f r o n t . L e f t - h a n d 
g i v e s comple t ed u n i t t o r i g h t - h a n d . R i g h t - h a n d c a r r i e s c o m p l e t e d a s sem­
b l i e s . O p e r a t o r s u s i n g method : 2 and 5« 
Method No. 5 L e f t - h a n d g e t s two b a r r e l s f rom t h e f e r r u l e t r a y and g i v e s 
one t o r i g h t - h a n d . L e f t - h a n d g i v e s comple t ed a s s e m b l y t o r i g h t - h a n d . 
R i g h t - h a n d a s i d e s comple t ed a s s e m b l i e s . O p e r a t o r u s i n g me thod : 1 3 . 
Method No. 6 R i g h t - h a n d and l e f t - h a n d g e t b a r r e l s i n f r o n t . L e f t - h a n d 
g i v e s t o r i g h t - h a n d . R i g h t - h a n d a s i d e s comple t ed a s s e m b l i e s . O p e r a t o r s 
u s i n g method : 15 and l 6 . 
Method No. 7 R i g h t - h a n d and l e f t - h a n d g e t b a r r e l s i n f r o n t . R i g h t - h a n d 
and l e f t - h a n d a s i d e comple t ed a s s e m b l i e s i n f e r r u l e t r a y . O p e r a t o r u s i n g 
method: 19* 
S i n c e t h e f i r s t and l a s t e l e m e n t s of t h e c y c l e s v a r i e d b e t w e e n 
d i f f e r e n t o p e r a t i o n s , i t was n e c e s s a r y t o s e p a r a t e t h a t p a r t of t h e c y c l e 
wh ich c o n t a i n e d t h e s e v a r i a t i o n s and t h e p o r t i o n wh ich d i d n o t . The 
o v e r a l l c y c l e t i m e was t e rmed " g r o s s c y c l e t i m e " and t h e p o r t i o n w i t h i n 
t h e g r o s s c y c l e n o t a f f e c t e d by v a r i a t i o n i n method was t e rmed " m o d i f i e d 
c y c l e t i m e . " 
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F i l m A n a l y s i s Work S h e e t . — A f i l m a n a l y s i s work s h e e t was f i l l e d o u t 
f o r e a c h c y c l e i n t h e o p e r a t i o n ( F i g . 1 2 ) . The i d e n t i f i c a t i o n p o r t i o n 
c o n t a i n e d t h e o p e r a t o r ' s name, d a t e of a n a l y s i s , t y p e of p r o j e c t o r , 
name of a n a l y i s t , c y c l e number , and f i l m r o l l number . The body of t h e 
work s h e e t c o n t a i n e d ( l ) e l e m e n t d e s c r i p t i o n , ( 2 ) t h e r b l i g s i n v o l v e d , 
( 3 ) f rame number , ( 4 ) s u b t r a c t e d t i m e and ( 5 ) r e m a r k s . The r e m a r k s c o n ­
s i s t e d of n o t a t i o n s on v a r i a t i o n i n method m e n t i o n e d p r e v i o u s l y . 
S e l e c t i o n of V a r i a b l e s . — O n t h e b a s i s of t h e n o t a t i o n s on t h e f i l m 
a n a l y s i s s h e e t s t h e v a r i a b l e s were c l a s s i f i e d i n t h e f o l l o w i n g c a t e g o r i e s : 
1 . R e g r a s p 
2 . S p e c i a l c o m b i n a t i o n of m o t i o n s RL, TE, G, A, and RL 
3 . De lay one hand 
4 . Fumble 
5 . Drop p a r t 
6 . Get two p a r t s and r e t u r n one 
7« I n s p e c t p a r t s o r d e l a y b o t h h a n d s i n t h e m o d i f i e d c y c l e 
8 . * I n s p e c t p a r t s o r d e l a y b o t h h a n d s a f t e r s t a k i n g 
9 . P a r t s s t u c k i n s t a k e r 
* V a r i a b l e number 8 a p p l i e d t o t h e g r o s s c y c l e o n l y . I t was n o t i n c l u d ­
ed i n t h e m o d i f i e d c y c l e t i m e d i s t r i b u t i o n s . 
R e c o r d i n g t h e D a t a . — I n f o r m a t i o n from t h e f i l m a n a l y s i s work s h e e t s was 
r e c o r d e d on I . B . M . c a r d s (No. 7 9 9 ^ 1 9 ) • Columns were p r o v i d e d f o r ( l ) 
s h i f t number , ( 2 ) o p e r a t o r number , ( 3 ) s h o t f o r o p e r a t o r , ( 4 ) e x p e r i e n c e , 
( 5 ) a v e r a g e p r o d u c t i o n p e r h o u r , ( 6 ) g r o s s c y c l e t i m e , ( 7 ) m o d i f i e d 
c y c l e t i m e , ( 8 ) g r o s s l a y o u t and ( 9 ) g r o s s me thod . The r e m a i n d e r of 
t h e c a r d was u s e d t o r e c o r d t h e o c c u r r e n c e of c e r t a i n v a r i a b l e s w i t h i n 
t h e c y c l e p r e v i o u s l y m e n t i o n e d . 
S p e c i a l n o t a t i o n s we re made on t h e c a r d above t h e m o d i f i e d c y c l e 
t i m e i f ( l ) t h e no rma l method was abandoned , ( 2 ) t h e c y c l e i n c l u d e d t h e 
a s i d e of a h a n d f u l of p a r t s and ( 3 ) when t h e h a n d s s t o p p e d t o g e t a new 
s u p p l y of p a r t s . N o t a t i o n s we re made on t h e c a r d above t h e g r o s s c y c l e 
A n a l y s i s S h e e t f o r T-600 B a l l P o i n t Pen 
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O p e r a t o r / Time /O/^O^f Cyc le O F i l m No. /O 
A n a l y s t (jT Da t e of A n a l y s i s ' 
Time U n i t ^ - ^ 0 0 
D e s c r i p t i o n 
Frame 
HA. 





Get Blb-TE, ST&G 
9 3 3 
P l a c e Bbl-TL,P,A&RL 
m ?$3~ 
Get Unit-TE,S&G 
8 8 / 8 9 3 
P l a c e Uhit-TL,P,A&RL 
8 3 3 8 5 8 / ? / / O ^ "
z -
Get D r . Nut-TE,ST&G 
Q ° 8 7 3 7 
P l a c e Dr . Nut-TL,P,A&RL 7 4 0 7 4 7 / / CJ&M 
Get F e r r u l e - T E , S T , & G 
7 2 7 7 3 / 
J=J— //%/ TIL. 
P l a c e Fe r ru l e -TL ,P .A&RL 770 7 0 8 
Get Comp. Unit-TE&G 7 o 4 7 0 4 -
P l a c e Comp. Uhit-DA,TL&P h 8 8 6 6 / 
Stake-A,H&D.A. 6 3 0 
A s i d e - T L & 0 6 0 3 
G r o s s Cyc le Time 3 J> 
F i g u r e 1 2 . F i l m A n a l y s i s Form 
Mod i f i ed Time '7>07 
t i m e when t h e r e was no a s i d e of c o m p l e t e d a s s e m b l i e s . C y c l e s c o n t a i n ­
i n g t h e s e n o t a t i o n s were e l i m i n a t e d f o r t h e d i s t r i b u t i o n s . 
S o r t i n g t h e Ca rds .—An I .B .M. s o r t i n g machine e q u i p p e d w i t h p o c k e t 
c o u n t e r s we re u s e d t o s o r t t h e c a r d s and s e c u r e d i s t r i b u t i o n d a t a . The 
d a t a we re r e c o r d e d on a d i s t r i b u t i o n r e c o r d fo rm ( F i g . 13 ) p r o v i d e d f o r 
t h i s p u r p o s e . 
The Gross Cyc le D i s t r i b u t i o n . - - A g r o s s c y c l e t i m e d i s t r i b u t i o n w i t h a l l 
v a r i a b l e s i n c l u d e d was o b t a i n e d f o r a l l s h i f t s combined . S i n c e t h e g r o s s 
c y c l e t i m e i n c l u d e s t h e m o d i f i e d c y c l e , o n l y c y c l e s m e e t i n g t h e m o d i f i e d 
c y c l e c r i t e r i a were u s e d . C y c l e s c o n t a i n i n g majo r d e v i a t i o n s i n methods 
i n t h e g r o s s c y c l e were s o r t e d o u t a s p r e v i o u s l y m e n t i o n e d . A p p r o x i ­
m a t e l y t e n p e r c e n t of t h e c y c l e s were e l i m i n a t e d f o r t h i s r e a s o n . 
Mod i f i ed Cyc le Time D i s t r i b u t i o n s . - - C y c l e s c o n t a i n i n g majo r d e v i a t i o n s 
i n me thods n o t c l a s s i f i e d a s v a r i a b l e s i n t h e m o d i f i e d c y c l e s we re s o r t e d 
o u t a s m e n t i o n e d p r e v i o u s l y . A p p r o x i m a t e l y t w e n t y - t w o p e r c e n t of t h e 
t o t a l c y c l e s were e l i m i n a t e d f o r t h i s r e a s o n . These c y c l e s w e r e n o t 
u s e d i n any of t h e d i s t r i b u t i o n s . Mod i f i ed c y c l e t i m e d i s t r i b u t i o n s 
w i t h a l l v a r i a b l e s i n c l u d e d were o b t a i n e d f o r ( l ) e a c h o p e r a t o r i n d i v i d u ­
a l l y , ( 2 ) e a c h s h i f t and ( 3 ) t o t a l of a l l s h i f t s combined . The c y c l e s 
c o n t a i n i n g v a r i a b l e s we re t h e n s o r t e d o u t , and m o d i f i e d c y c l e t i m e d i s ­
t r i b u t i o n s were o b t a i n e d f o r ( l ) e ach s h i f t and ( 2 ) t o t a l a l l s h i f t s 
combined . 
E x a m i n a t i o n of D i s t r i b u t i o n s The d i s t r i b u t i o n s f o r t h e m o d i f i e d c y c l e 
t i m e s w e r e examined v i s u a l l y ; a l l t h e d i s t r i b u t i o n s e x h i b i t e d a p o s i t i v e 
s k e w n e s s . 
As an a d d i t i o n a l check on t h e t o t a l t h r e e - s h i f t d i s t r i b u t i o n s , 
t h e d a t a were p l o t t e d on p r o b a b i l i t y p a p e r u s i n g a l o g s c a l e f o r t h e 
31 
S h i f t / 
O p e r a t o r / 
V a r i a b l e s I n c l u d e d /\LL 
Tens 
0 I 2 3 4 5 6 7 8 9 T o t a l 
0 
1 
2 2 2 O 2 5 " 3 3 2 7 
3 5 lO 7 Z / 2 1 
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32 
c y c l e t i m e s . These p l o t s a p p e a r e d t o g i v e a s a t i s f a c t o r y s t r a i g h t 
l i n e r e l a t i o n s h i p . 
A g r o s s c y c l e t i m e d i s t r i b u t i o n w i t h a l l v a r i a b l e s i n c l u d e d was 




Mod i f i ed Cyc le Time D i s t r i b u t i o n s 
The f o l l o w i n g c h a r a c t e r i s t i c s were o b s e r v e d f rom a v i s u a l exam­
i n a t i o n of t h e m o d i f i e d c y c l e t i m e h i s t o g r a m s ( F i g u r e s 1 4 - 4 0 ) . 
V a r i a b l e s I n c l u d e d . - - M o d i f i e d c y c l e t i m e d i s t r i b u t i o n s f o r t h e i n d i v i d ­
u a l o p e r a t o r s w i t h a l l v a r i a b l e s i n c l u d e d t e n d t o be p o s i t i v e l y skewed. 
H i s t o g r a m s f o r o p e r a t o r s 5 and 6 ( F i g u r e s l 8 and 19 ) i n d i c a t e d a l a c k 
of good c y c l e s i n t h e s a m p l e . S h i f t d i s t r i b u t i o n s of m o d i f i e d c y c l e 
t i m e s w i t h a l l v a r i a b l e s i n c l u d e d a r e p o s i t i v e l y skewed. T h i s was a l s o 
t r u e of d i s t r i b u t i o n of a l l s h i f t s combined ( F i g . 3 6 ) . 
V a r i a b l e s E x c l u d e d . - - S h i f t m o d i f i e d c y c l e t i m e d i s t r i b u t i o n s were 
p o s i t i v e l y skewed ( F i g u r e s 37 > 3& 3 9 ) • The sample s i z e i n t h e 
f i r s t s h i f t was c o n s i d e r a b l y s m a l l e r t h a n t h e o t h e r two s h i f t s . T h i s 
i n d i c a t e d t h a t a g r e a t e r number of v a r i a b l e s were p r e s e n t among t h e 
c y c l e s p e r f o r m e d . P o s i t i v e skewness was a l s o e x h i b i t e d i n t h e d i s t r i b u ­
t i o n of a l l t h r e e s h i f t s combined ( F i g . ho). 
Gross Cyc le Time D i s t r i b u t i o n 
The g r o s s c y c l e t i m e d i s t r i b u t i o n of a l l s h i f t s combined was 
p o s i t i v e l y skewed ( F i g . hi). 
E f f e c t of V a r i a b l e s on t h e Cyc le Time D i s t r i b u t i o n 
T h e r e was c o n s i d e r a b l e change i n t h e g e n e r a l c h a r a c t e r i s t i c s of 
t h e m o d i f i e d c y c l e t i m e d i s t r i b u t i o n when t h e v a r i a b l e s we re removed 
3k 
( F i g . 4 2 ) . H e i g h t of t h e d i s t r i b u t i o n was d e c r e a s e d b e c a u s e t h e sample 
s i z e was r e d u c e d . P e a k e d n e s s was n o t i c e a b l y d e c r e a s e d , and t h e s l o p e 
of t h e t a l e s was r e d u c e d . 
A p l o t of t h e d i s t r i b u t i o n s on p r o b a b i l i t y p a p e r u s i n g a l o g 
s c a l e f o r t h e c y c l e t i m e ( F i g u r e s 43 and 4 4 ) i n d i c a t e d t h a t t h e m o d i f i e d 
c y c l e t i m e d i s t r i b u t i o n s of a l l s h i f t s , w i t h v a r i a b l e s i n c l u d e d and 
v a r i a b l e s e x c l u d e d , a p p r o x i m a t e d a s t r a i g h t l i n e r e l a t i o n s h i p . 
35 
T a b l e 1 . F i r s t S h i f t - Mod i f i ed Cyc le Time D i s t r i b u t i o n -
No V a r i a b l e s E l i m i n a t e d 
M o d i f i e d Op. Op. Op. Op. Op. Op. Op. T o t a l 
C y c l e Time Ho. No. No. No. No. No. No. O p e r a t o r s 
i n Frames 1 2 3 4 5 6 7 1-7 
150 -159 I 1 
16O-I69 0 0 
170-179 t 1 2 
1 8 0 - 1 8 9 1 0 1 2 
1 9 0 - 1 9 9 2 0 1 1 4 
£00-209 2 0 2 2 2 8 
2 1 0 - 2 1 9 2 5 1 3 1 2 14 
2 2 0 - 2 2 9 2 2 0 2 X 5 12 
2 3 0 - 2 3 9 0 6 3 3 2 3 17 
240-22*9 2 4 6 4 5 3 24 
250-259 5 12 5 4 1 4 3 1 
260 -269 3 5 5 6 3 10 32 
270-279 6 5 6 5 4 6 34 
280 -289 3 9 10 3 4 6 35 
290-299 4 2 1 l 3 3 14 
300-309 3 4 ; 2 l 5 20 
310-319 10 4 1 3 1 3 22 
320-329 1 2 0 1 2 6 18 
330-339 2 1 4 2 0 1 10 
340-349 0 3 1 0 1 2 7 
350-359 2 1 2 1 3 2 1 1 
360-369 2 0 0 1 l 4 
370-379 0 2 0 0 l 3 
380-389 1 0 c 0 l 
390-399 0 a 1 0 3 
4 0 0 - 4 0 9 1 0 0 1 
4 1 0 - 4 1 9 1 0 1 
4 2 0 - 4 2 9 1 1 
430 -439 0 0 
4 4 0 - 4 4 9 0 0 
4 5 0 - 4 5 9 
4 6 0 - 4 6 9 
0 0 
0 0 
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T a b l e 2 . Second S h i f t - M o d i f i e d Cyc le Time D i s t r i b u t i o n -
No V a r i a b l e s E l i m i n a t e d 
M o d i f i e d Op. Op. Op. Op. Op. Op. T o t a l 
C y c l e Time No. No. No. No. No. No. O p e r a t o r s 
i n Frames 8 9 10 1 1 12 13 8 -13 
150 -159 
16O-169 1 1 
170-179 0 0 
180-189 1 0 1 
190-199 0 u 0 
200-209 0 0 1 1 
210-219 1 0 ]. 1 2 VJ
; 
2 20 -229 4 0 2 0 3 9 
230 -239 6 1 3 0 8 18 
240-249 3 17 2 10 0 13 45 
250-259 I 9 3 12 0 14 39 
260-269 4 9 5 8 1 13 40 
270 -279 3 8 10 5 1 10 37 
28O-289 1 1 5 9 12 0 5 42 
290-299 9 3 6 1 5 28 
300-309 10 3 6 3 6 3 33 
310-319 3 5 5 5 1 24 
320-329 4 1 6 0 8 1 20 
330-339 6 3 3 1 9 3 25 
3^0-349 3 0 6 2 7 0 18 
350-359 1 2 0 3 4 1 1 1 
360-369 1 0 2 0 5 C 8 
370-379 1 0 1 0 7 0 9 
38O-389 1 0 1 0 2 0 4 
390-399 1 0 1 1 2 0 5 
400 -409 2 1 2 1 1 0 7 
4 1 0 - 4 1 9 2 0 0 1 0 3 
4 2 0 - 4 2 9 1 0 2 u 0 3 
4 3 0 - 4 3 9 1 0 1 2 
4 4 0 - 4 4 9 1 1 
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T a b l e 3 - T h i r d S h i f t - M o d i f i e d Cyc le Time D i s t r i b u t i o n -
No V a r i a b l e s E l i m i n a t e d 
M o d i f i e d Op. Op. Op. Op. Op. Op. T o t a l 
Cyc le Time No. No. No. No. No. No. O p e r a t o r s 
i n Frames 14 15 16 17 18 19 1 4 - 1 9 
200-209 
210 -219 1 5 6 
220-229 1 7 8 
230 -239 3 12 8 23 
240-2 l |9 9 16 13 1 39 
250-259 1 6 14 23 1 ^5 
260-269 2 8 13 16 1 40 
270-279 1 1 9 9 8 J 38 
280-289 i 10 9 4 0 7 37 
290-299 l 7 8 2 8 34 
300-309 k 9 5 2 2 4 26 
310-319 4 13 3 1 3 6 30 
320-329 10 1 3 1 3 9 27 
330-339 2 10 3 2 0 1 1 28 
340-349 k 2 l 0 2 9 
350-359 3 3 3 c 4 13 
36O-369 2 5 3 1 3 14 
370-379 5 2 c 0 7 
38O-389 l 3 0 2 6 
390-399 2 0 0 3 5 
400-409 0 0 1 1 2 
410 -419 1 1 l 3 
4 2 0 - 4 2 9 0 c 
4 3 0 - 4 3 9 1 0 1 
440 -449 0 1 1 
4 5 0 - 4 5 9 0 1 1 
460 -469 1 1 
1+70-479 1 1 
1 I I $ g I I I I 1 1 | i - : 1 1 1 1 1 1 I f I 
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T a b l e 4 . A l l S h i f t s - M o d i f i e d Cyc le Time D i s t r i b u t i o n -
No V a r i a b l e s E l i m i n a t e d 
M o d i f i e d T o t a l 
Cyc le Time S h i f t S h i f t S h i f t A l l 
i n Frames No. 1 No. 2 No". 3 S h i f t s 
150 -159 1 l 
160 -169 c 1 
170-179 2 0 2 
180-189 2 1 3 
190-199 k 0 4 
200-209 8 1 
6 
9 
210-219 14 5 25 
220 -229 12 9 8 29 
230 -239 17 18 23 58 
240-249 24 45 39 
45 
108 
2 5 0 - 2 5 9 31 39 115 
26O-269 32 40 40 112 
270 -279 34 37 38 109 
280-289 35 42 37 114 
290-299 14 28 34 76 
300-309 20 33 26 79 
310-319 22 24 30 76 
320-329 18 20 27 65 
330-339 10 25 28 6 3 
3^0-3^9 7 18 9 34 
350-359 1 1 1 1 13 35 
36O-369 4 8 14 26 
370-379 3 9 7 19 
380-389 1 4 6 1 1 
390-399 3 5 5 13 
4 0 0 - 4 0 9 1 7 2 10 
4 i o - 4 i 9 1 3 3 7 
4 2 0 - 4 2 9 1 3 0 4 
4 3 0 - 4 3 9 0 2 1 3 
4 4 0 - 4 4 9 0 1 1 2 
4 5 0 - 4 5 9 0 1 .1 
4 6 0 - 4 6 9 0 1 l 
4 7 0 - 4 7 9 2 1 3 
I f 
- m 
i • ! r 
j — \ M 
1 .• 
i 
7 - 4 
• - : 






— I — 
m m . 
1 p a 
CYC!T,K TTME i 
..._____ 
ifo V a r i a b l e s i E l i m i n a t e d 
T a b l e 5 . A l l S h i f t s - M o d i f i e d Cyc le Time D i s t r i b u t i o n -
V a r i a b l e s Exc luded 
M o d i f i e d S h i f t No. 1 S h i f t No. 2 S h i f t No. 3 A l l S h i f t s 
Cyc l e Time O p e r a t o r s O p e r a t o r s O p e r a t o r s O p e r a t o r s 
i n Frames 1-7 8 - 1 3 1 3 - 1 9 1-19 
1 5 0 - 1 5 9 1 1 
1 6 0 - 1 6 9 0 i 1 
170 -179 1 0 1 
180 -189 0 0 0 
190 -199 0 0 0 
200 -209 0 1 1 
2 1 0 - 2 1 9 1 0 CO
 
4 
220-229 1 3 4 Co
 
2 30 -239 4 5 7 16 
240-249 4 15 13 32 
250-259 3 14 18 35 
260-269 4 12 14 30 
270-279 5 10 8 23 
280-289 3 7 9 19 
290-299 0 5 3 8 
300-309 0 6 5 1 1 
310-319 0 4 9 
320-329 2 5 4 1 1 
330-339 1 0 3 4 
340-349 1 2 0 
to 
350-359 2 0 1 3 
360-369 2 2 4 
370-379 2 0 2 
380-389 0 1 1 
390-399 0 0 0 
4 0 0 - 4 0 9 0 1 1 
4 1 0 - 4 1 9 0 0 
4 2 0 - 4 2 9 0 0 





T a b l e 6 . A l l S h i f t s - Gross Cyc le Time D i s t r i b u t i o n -
No V a r i a b l e s E l i m i n a t e d 
Gross Gross 
Cyc le Time T o t a l Cyc l e Time T o t a l 






200 -209 9 
2 1 0 - 2 1 9 24 
2 2 0 - 2 2 9 28 
2 3 0 - 2 3 9 56 
240 -249 1 0 1 
2 5 0 - 2 5 9 110 
2 6 0 - 2 6 9 107 
2 7 0 - 2 7 9 95 
2 8 0 - 2 8 9 101 











4 0 0 - 4 0 9 1 1 
4 1 0 - 4 1 9 6 
4 2 0 - 4 2 9 CO
 
4 3 0 - 4 3 9 5 
4 4 0 - 4 4 9 3 
4 5 0 - 4 5 9 4 
4 6 0 - 4 6 9 2 
4 7 0 - 4 7 9 5 
4 8 0 - 4 8 9 2 
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o.ot 0.05 0.1 0.2 0.5 1 2 
F i g u r e ^ 3 
5 10 20 30 40 50 60 70 80 90 
A l l S h i f t s - I t o d i f i e d C y c l e Time D i s t r i b u t i o n 
P r o b a b i l i t y R u l i n g 
95 98 99 
V a r i a b l e s I n c l u d e d 
99.9 99.99 
99.99 99 9 99.8 I 0.5 0.? 0.1 0.05 f 01 
0.01 0.05 0.1 0.2 C5 1 
F i g u r e kk 
93.8 19.9 99.99 
A l l S h i f t s - Modi f i ed Cyc le Time D i s t r i b u t i o n - V a r i a b l e s Exc luded 
P r o b a b i l i t y R u l i n g 
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CHAPTER VT 
CONCLUSIONS AND RECO_mTOATIONS 
The re a r e s e v e r a l c o n t r o l l i n g f a c t o r s which accompany t h i s s t u d y 
and t h e y s h o u l d "be m e n t i o n e d . They a r e : 
1 . The d a t a c o v e r s o n l y one o p e r a t i o n i n one p l a n t . 
2 . Da ta we re g a t h e r e d from 19 o p e r a t o r s . 
3 - A l i m i t e d number of v a r i a b l e s were c l a s s i f i e d . 
C o n c l u s i o n s . - - C o n s i d e r i n g t h e f o r e g o i n g f a c t o r s , t h e f o l l o w i n g c o n c l u ­
s i o n s were d rawn: 
1 . The i n d i v i d u a l o p e r a t o r m o d i f i e d c y c l e t i m e d i s t r i b u t i o n s 
w i t h v a r i a b l e s i n c l u d e d t e n d t o be p o s i t i v e l y skewed. 
2 . The s h i f t d i s t r i b u t i o n s w i t h v a r i a b l e s i n c l u d e d and 
v a r i a b l e s e x c l u d e d a r e p o s i t i v e l y skewed. 
3- The d i s t r i b u t i o n of a l l s h i f t s combined w i t h v a r i a b l e s 
i n c l u d e d and v a r i a b l e s e x c l u d e d a r e p o s i t i v e l y skewed. 
k. The m o d i f i e d c y c l e t i m e d i s t r i b u t i o n , w i t h v a r i a b l e s 
i n c l u d e d and v a r i a b l e s e x c l u d e d , a p p r o x i m a t e d a s t r a i g h t 
l i n e r e l a t i o n s h i p , when t h e l o g of t h e c y c l e t i m e was 
p l o t t e d on p r o b a b i l i t y p a p e r ; t h u s t h e d i s t r i b u t i o n s can 
be a p p r o x i m a t e d by a l o g n o r m a l c u r v e . 
Recommendat ions 
A v i s u a l e x a m i n a t i o n of t h e a l l s h i f t s d i s t r i b u t i o n s i n d i c a t e s 
t h a t a more d e t a i l e d c l a s s i f i c a t i o n of v a r i a b l e s i s n e c e s s a r y t o d i s ­
t i n g u i s h a s s i g n a b l e c a u s e s of v a r i a t i o n w i t h i n t h e work c y c l e . 
I t i s recommended t h a t a s i m i l a r s t u d y be made c l a s s i f y i n g t h e 
v a r i a b l e s w i t h i n t h e i n d i v i d u a l e l e m e n t s . A s t u d y of t h i s n a t u r e would 
n e c e s s a r i l y r e q u i r e a r e - a n a l y s i s of t h e f i l m and a r e c l a s s i f i c a t i o n of 
73 
v a r i a b l e s d e t e r m i n e d by t h e e l e m e n t a l b e h a v i o r s . 
A s t u d y of t h i s n a t u r e would p r o v i d e a r e a l i n s i g h t i n t o t h e 
v a l i d i t y of many t i m i n g p r a c t i c e s u s e d i n i n d u s t r y . I t a l s o c o u l d 
s e r v e a s a b a s i s f o r a c c e p t i n g , r e j e c t i n g o r r e f i n i n g many of t h e t i m e 
s y s t e m s p r e s e n t l y u s e d . 
